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Abstract - Connected TV allows the users to combine the 
spirit of consuming conventional television in big screens 
with the advantages of internet through different 
applications and services. Previous HbbTV specifications 
1.0 and 1.5 presented a series of limitations, which the 
new version HbbTV 2.0.1 is trying to cover. Among these 
novelties, the terminal connection with Companion 
Screens (CS) (second-screen devices, such as 
smartphones or tablets) is highlighted, because it allows 
the synchronization and the exchange of information 
between both devices. This connection between devices 
plays a vital role in improving the accessibility, being this 
fact beneficial for users with concrete demands, such as 
subtitles, audiodescription or clean-audio. The user can 
access to the accessibility tools through its individual 
device but without losing the chance of sharing the 
experience together with the people in the same room. 
For this paper, we have developed and tested applications 
for this new specification of HbbTV 2.0.1 in order to 
demonstrate the advantages of Connected TV. 
 
Index Terms - HbbTV 2.0.1, Connected TV, Accessibility, 
Second-Screen Devices, Subtitles, Audiodescription. 
INTRODUCTION 
Connected TV refers to broadcast applications that 
provide access to internet-based services like traditional 
broadcast television channels, catch-up online video 
services or Video on Demand (VoD) [1]. These services 
are available via TV sets and other connected screens 
which create a multiplatform ecosystem, such as 
smartphones, tablets, Smart TVs or videogame consoles. 
Among these services, interactive advertising, accessibility 
and personalisation tools, televoting, games, social 
networking and other multimedia applications are available 
as a consequence of the access to internet through the 
television, improving the interactivity of this device and 
their possibilities.  
HbbTV was adopted in 2011 as a platform to 
standardize the access to this interactive tools [2]. The new 
specification of the standard, HbbTV 2.0 and its 
corresponding Annex HbbTV 2.0.1, try to add new 
functionalities to the applications and services in order to 
offer a better user experience to Connected TV.  
The motivation of this work is to analyse some of the 
functionalities offered by the new specification HbbTV 
2.0.1 [3] and the opportunities that present to broadcasters 
and content consumers, especially related to connection 
with 2nd screen devices and implementation of other tools, 
such as HTML5, the encoder HEVC or MPEG-DASH.  
The challenge for broadcasters is how to reinvent value 
in the digital domain to create new business models that 
take advantage of the content interaction [4]. Traditional 
audio-visual companies are making an effort in adapting 
their products to new devices and the change of viewing 
habits [5]. This value can improve the access to digital 
content for people with special necessities. Broadcasters 
have the responsibility of making this content accessible 
for all. HbbTV 2.0.1 is an opportunity of improving the 
interaction services facilitating the access to synchronized 
audiodescription, subtitles, clean-audio or sign language 
video through 2nd devices without interfering the 
conventional reproduction of contents. 
HBBTV 2.0.1 SPECIFICATION 
The new standard includes Advanced User Experience 
functionalities. HbbTV 2.0 uses HTML5 as the basis of the 
interface structure of applications and a set of related web 
technologies including modules of CSS3 for defining 
styles, DOM3, WOFF, Canvas, 2D, Web Messaging, Web 
Sockets, Web Workers, Server-Sent Events and Web 
Storage for the exchange of data. In contrast to HbbTV 
1.0/1.5 which used HTML4, and CSS Level 2. DOM Level 
2 and a set of related web technologies that have evolved 
in time. 
The video encoder HEVC, which is ready to compress 
video of Ultra-HD resolution and to enable also High 
Definition (HD) content to save higher rates of bandwidth 
than its predecessor AVC, is also available in the HbbTV 
2.0.1 standards. 
Among other advances in the new standard, subtitles for 
broadband delivered benefits of the characteristics of EBU 
profile of W3C, TTML. Additionally, HbbTV 2.0 add extra 
features to extend the MPEG-DASH functionalities 
included in previous versions of the standard. 
But maybe one of the most important characteristics of 
the new standard is the App-to-App communication that 
allows the exchange of information from terminal to 
companion screen devices, such as smartphones or tablets. 
With the use of WebSocket technology defined by the 
W3C and IETF and DIAL (DIscovery And Launch) 
protocol [6] it is possible to launch an application in 
different devices and proceed to the exchange of 
information. 
Also, the protocols for time synchronization included in 
the DVB technical specification [7] about Companion 
Screens and Streams (CSS) are included in the 2.0.1 
standard allowing the user to synchronize contents in 
different devices: CSS-WC (Wall Clock) for defining a 
common timer; CSS-CII (Content Identification and other 
Information) to exchange data between devices and CSS-
TS (Time Synchronization) for timing audiovisual contents 
from different devices. 
IMPLEMENTATION OF THE APPLICATION FOR 
ACCESSIBILITY 
The case study performed to understand and develop a 
proposed framework for integrating the functionalities of 
new specification HbbTV 2.0.1 is based on the architecture 
included in Figure 1. 
 
FIGURE 1. ARCHITECTURE OF THE ACCESSIBILITY 
PLATFORM 
The architecture is based on two interactive 
applications, one for terminal (television) and one for CS 
(Companion Screen, such as smartphones or tablets) 
connected with WebSocket calls through a DIAL server. 
The Applications are allowed to discover other devices in 
their local network and stablishing connection among 
them. The CS App is able to present accessibility tools, 
such as audiodescription and subtitles, synchronized with 
the contents appearing on the Terminal App, which are 
contents broadcasted on television. 
 
FIGURE 2. EXAMPLE OF CS APP SHOWING SUBTITLES 
Figure 2 shows an example of the performance of CS 
App, showing the subtitles and audiodescription 
synchronized with the contents in the main terminal 
(television). 
TESTS AND VALIDATION 
As the lack of televisions with the standard HbbTV 
2.0.1 implemented, first tests were developed with 
emulators in the laboratory, using as Terminal and 
Companion Screen two computers with an Ubuntu 
distribution. After these tests, the applications were tested 
in two prototypes of televisions with the standard HbbTV 
2.0.1 of different manufacturers, with some functionalities 
available. The aim of these tests was the synchronized 
interaction between the TV screens and the companion 
screens. This second battery of tests demonstrated the 
connectivity between devices, the synchronization 
between audiovisual contents and consequently the 
opportunities for improving the accessibility tools for 
multimedia. 
Among the tests carried out are: 
- Tests from the CS App. It was possible to do a search 
of the terminals (or TV screens) connected in the same 
network from the companion screen. Once the terminal is 
found, the application is launched in the terminal and the 
connection between both devices is established, using a 
WebSocket between the terminal and the companion 
screen. Established the connection, video playback tests 
were performed at the terminal, playing and pausing the 
video from the companion screen. Moreover, the 
synchronization of videos between both devices was done, 
considering the companion screen the device that had the 
control. The companion screen application sends a JSON 
message with the attribute "CurrentTime" of video 
playback and the timestamp when the message is sent. The 
terminal measures the timestamp when the message is 
received and calculates the delay using both timestamps. 
With the "CurrentTime" and the delay calculated, the 
terminal plays the video synchronized with the video of the 
companion screen. The calculation of the delay is not 
always correct because two different clocks (one in the 
companion screen and the other in the terminal) are used. 
In the future the TV monitors are expected to implement 
the DVB-WC (WallClock) protocol to use a common clock 
on both devices. 
- Tests from the Terminal App. In these tests it was not 
possible to find companion screens connected to the same 
network because of the characteristics of the television 
prototype in development yet, neither launch the 
application in the companion screen nor establish the 
connection between both devices. However, if the 
communication is established from the companion screen, 
it is possible to send information from the terminal using 
the WebSocket and to synchronize the videos from the 
terminal side. 
- Playback videos using HTML5. Televisions with 
previous versions of HbbTV standard did not support 
HTML5. New specification of HbbTV allows the use of 
<video> tag from HTML5 and its corresponding tools 
instead of the <object> tag used in those previous versions 
of HbbTV. Tests demonstrated the correct use of video 
tools included in HTML5. 
CONCLUSIONS 
For this reason, it may be concluded that the issue of 
accessibility for specification HbbTV 2.0.1 still has a long 
way off. Of course, the starting point is more than 
interesting and suggests that the new possibilities offered 
by the new specification gives way to a future set of 
interactive services and accessible content. 
The tests carried with prototypes of televisions with the 
2.0.1 specification have served to observe the new 
advances in the territory if the synchronization and 
communication between devices. This is therefore a 
progress for the development of application based on 
accessibility that are built under the specification 2.0.1. 
Thus, it has also been possible to evaluate the current 
state of the manufacturers and see what extent the 
applications developed have validity in prototypes that are 
not yet marketable. 
Because of this, many functionalities have not yet been 
implemented (as API Media Synchronizer), and therefore 
the tests performed assume for the moment a start in the 
development of accessible applications, but it would be 
necessary to have the integration of the entire specification 
for an evaluation of the true potential of the new 
functionalities. 
With this work, broadcasters are expected to be able to 
offer new business models based on the interactivity of 
users and the consumption of second screen applications 
that expand their activity in the sector and allow the 
expansion of new services. 
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